Lignocellulosic biomass is emerging as a renewable source of feedstock for biorefinery and chemical industry. Lignin, one of the three components of lignocellulosic biomass (together with cellulose and hemicellulose) represents about 22 % of the total mass of the Earth's biosphere. Formic acid was used to dissolve lignin at various reaction temperatures. Infrared spectroscopy was used to study the influence of temperature on the functional groups of treated lignin. Thermal treatment of lignin with formic acid causes a decrease of OH functional group of lignin and an increase of phenolic hydroxyl groups especially at elevated temperature. Results revealed that formic acid treatment resulted in oxidative cleavage of bonds in the lignin macromolecule, leading to formation of oligomers of lignin.
Introduction
Lignocellulosic biomass is the world's most potential renewable resource for the production of biofuels and commodity chemicals [1] . It consists mainly of three components such as cellulose 45% -50%, hemicellulose 20% -25%, and lignin 20% -25% [2] .
Hemicellulose is relatively amorphous, and it is comparatively easier to degrade hemicellulose by xylanases and glycosidases to yield fermentable sugars. Lignin is a complex biopolymer which binds cellulose and hemicellulose by strong hydrogen bonding and ester linkages and confers mechanical strength to the plant's cell wall. These complex linkages and molecular interactions cause rigidity and microbial resistance in the lignocellulosic biomass which leads to its chemical resistance toward various pretreatments. The major techniques to isolate lignin from lignocellulosic biomass involve hydrolysis using mineral acids treatment, however these techniques are intensely dependent on acid concentration, and high temperature inputs are required [3] . Literature depicts that high temperature inputs are required at low mineral acid concentrations, which leads to degradation of polysaccharides as well as increased energy inputs. Hence substantial industrial gains cannot be achieved because of the limitations of recycling of mineral acids. It is essential to establish an operative and environmentally benign hydrolysis process for effective exploitation of lignocellulosic biomass. Organic acids are comparatively less toxic and can be easily recycled by simple distillation process, which may lead to a favorable substitute to mineral acids treatment [4] . Thus, a study on the yield and inter and intra-molecular interactions occurred from a formic acid process is necessary. Lignin characterization has attained great attention in the past years, due to its complex and diverse molecular structure. The major reactive groups present in lignin are the aromatic and phenolic hydroxyl groups [5] . This study involves the influence of various temperatures on the structural properties of kraft lignin, which can be useful to provide elementary process data for the potential application of lignin recovered from a formic acid process in the lignin chemistry.
Experimental

Materials and Methods
The chemicals used for the present research include, sodium hydroxide (NaOH), formic acid, lignin (Hardwood kraft lignin-Indulin AT), methanol and high purity Acetone (ACTN) at least of 99 % purity. All chemicals were of analytical grade and purchased from Sigma Aldrich and were used as received. Triple distilled water was used for preparing all aqueous solutions.
Lignin Solubility Test
For the lignin solubility experiments 1% w/w of the Indulin kraft lignin was dissolved in glass vials containing 5 g of formic acid. The vials were sealed with parafilm M (laboratory film) and the resulting mixture was stirred at 50 o C. Now successive amount of lignin (1 % w/w) was continuously added until saturation was achieved. The saturation point was verified using Meiji optical microscope MT 4000 at 100X apart from visual observations to detect any undissolved particles [6] . The screening experiments for lignin dissolution were performed from 50 o C to 100 o C. The experimental solubility of lignin in formic acid was also calibrated by plotting calibration curves using Perkin Elmer UV-Vis Spectrophotometer [7] .
Lignin Recovery
The dissolved lignin was precipitated by addition of water in the solution obtained after saturation. Water was used as an antisolvent as lignin is insoluble in water, the precipitated lignin was recovered and washed with acetone water mixture several times [6] . The recovered lignin was filtered by using mild vacuum filtration and further washed with acetone/water mixture to ensure complete removal of formic acid contaminations. The filtered lignin was then oven dried at 60 o C overnight and the amount of lignin recovered was calculated gravimetrically. The overall lignin recovery was nearly same (≥ 94 %) for all temperatures (i.e. 50 o C, 75 o C, and 100 o C) studied in the present research. All experiments were performed in triplicates and the average values are reported.
Characterization of Recovered Lignin
The recovered lignin at temperatures 50 o C to 100 o C was characterized by FTIR analysis, untreated Indulin-kraft lignin was used as a standard. The FTIR spectra were studied between 5000 cm -1 to 1000 cm -1 wavenumber using Perkin Elmer spectrometer. Pellets were prepared by mixing recovered lignin with KBr in a weight ratio of 1:100, and pressed under 30 tons of pressure for 8 seconds.
Results and Discussions
The recovered lignin samples were analyzed for the presence of various functional groups such as; hydroxyl, methoxyl and carboxyl groups and compared to the literature that has been reported for the characterization of lignin (Table1). Fig.1 shows the FTIR spectra of lignin recovered from formic acid process in the range of 5000 cm -1 to 1000 cm -1 . Spectral differences in the peaks were observed at various studied temperatures i.e. 50 o C, 75 o C and 100 o C respectively [8] . The OH-group stretching peak appears at 3433 cm -1 and the C-H stretching peak appears at 2929 cm -1 . From Fig.1 it is evident that a noticeable extent of intermolecular and intramolecular hydrogen bonding cleavage in lignin occurred with increasing temperature. The C-H deformation in lignin appears at 1460cm -1 and the carbonyl stretching conjugated with aromatic ring skeleton appears at 1600 cm -1 , the aromaticity of lignin structure lies in aromatic skeletal vibration of guaiacyl and syringyl units in the wavenumber range of 1600 cm -1 to 1000 cm -1 [9] . All specific peaks are observed in the spectra of recovered lignin at all process temperatures confirming that the backbone of lignin is not disturbed dissolution and regeneration process [11] .
For the semi-quantitative analysis the relative intensities of the respective bands were calculated. The aromatic skeletal vibration band at 1600 cm -1 was taken as a reference band [5, 9] . The ratio of Ax/A1600 is taken as the quotient between specific intensity and the reference band at 1600 cm -1 [9] . The relative intensities of the recovered lignin from formic acid solution were calculated firstly for the bands corresponding to aromatic vibration (1513 cm The recovered lignin from formic acid solution showed the lowest relative intensities at a processing temperature of 75 o C and then increased beyond this temperature as shown in Table 3 . This could be attributed to the reason that during dissolution and regeneration processes the aromatic rings are transformed into quinonoid structures, further increase beyond this temperature resulted in the release of side products and as a consequence the relative intensities began to increase, similar bands were reported by Casas et al. and Nada et al. [5, 9] . These quinonoid structures can be identified in the FTIR spectra at 1650 cm -1 [5] , as a result of these quinonoid structures the broadening of the band at 1597-1595 cm -1 can be observed in Fig. 2 . 3432  65  3438  59  3443  54  2944  68  2928  62  2953  55  1600  68  1600  62  1600  59  1513  64  1512  58  1511  56  1461  70  1459  62  1461  60  1422  70  1424  63  1424  63  1398  74  1397  68  1397  66  1271  66  1268  59  1261  53  1100  73  1100  64  1100 In addition, the phenolic hydroxyl and aliphatic content for kraft lignin appears at 1397 cm -1 [12] , which was found to be at 1398 cm -1 , 1397 cm -1 and 1397 cm -1 for formic acid treated lignin at the process temperatures of 50 o C, 75 o C and 100 o C respectively. The relative intensities are calculated to be 1.0882 and 1.0968 and 1.1186 respectively. The high contents of phenolic hydroxyl groups in the recovered lignin are due to the cleavage of the β-O-4 bonds in the recovered lignin, as result of the treatment with formic acid [5] .
The O-H bonds of kraft lignin appear at 3433 cm -1 as reported by Ji et al. [13] . It is evident from the Table. 3 that these values are lower for higher processing temperature i.e.100 o C, which indicates that oxidation occurred as a result of thermal treatment to form quinonoid structure in the recovered lignin. It can be concluded that process temperature is significantly effecting the O-H vibrations [4, 5] . Based on these observations, it can be concluded that higher processing temperatures results in more bonds cleavage and oxidation of kraft lignin.
Conclusions
Effect of temperature on formic acid treated lignin showed a noticeable extent of oxidation and cleavage of the β-O-4 bonds on recovered lignin structure. The relative intensities of the aromatic ring decrease on increasing the temperature for thermally treated lignin and then began to increase with increasing temperature above 75°C. In the case of phenolic and aliphatic groups the relative intensities increases with increasing temperature, whereas the relative intensity of G ring breathing decreases. Thermal treatment of Kraft lignin with formic acid decreased the absorbance of O-H bands. The absorbance of aromatic ring is affected significantly with increasing temperatures. The increase in phenolic O-H group of thermally treatment lignin with formic acid can increases its reactivity toward other reactions.
